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Investigation on Sealing in Geological Disposal

K.Hibiya* , T.Inaba* , Y.Shiogama* , K.Masumoio*
E.Fukazawa* , K.Taira* , T.Tanaka* , Y.Kondo*,
M.Yamamoto** | K.Okutsu** ,

M.Furuichi***

Abstract

For the geological disposal of high level radioactive wastes, after placement of the wastes, it is necessary to close
off ( to be called “sealing” hereafter ) the underground potential passages ( disposal pits, disposal tunnels, liaison tunnel
and construction tunnels } with an effective combination of engineered barriers such as buffers, backfilling materials,
plugs and grout. It is necessary to ensure the long-term liability to isolate disposed wastes in the system.

The results of the research works this year are as follows ;

1) In order to evaluate the permiation of plugs using blocks of compressed sand-bentonite mixture under high

water pressure, a permeability test modelling the plugs was carried out.

2) The main objectives are to discuss the design of tunnel sealing experiments at URL site for the appropriate

testing methods and construction methods.

Work performed by KAJIMA Corporation under contract with Power. Reactor and Nuclear Fuel Development
Corporation.
PNC Liaison : Geological Isolation Technology Section, Waste Technology Development Division, Tokai Works,
Hiroyuki Ishikawa
*  :Kajima Technical Research Institute.
** . Kajima Corporation, Civil Engineering Disign Dept.
*** . Kajima Corporation, Nuclear Power Dept.
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SCHEDULE OF BULKHEAD CONSTRUCTION

Mar. | Apr. | May | Jun. | Jul. Aug. | Sep.

Oct.

Nov.

Dec. | Jan.

Excavation
Excavation of Test Tunnel
Excavation of Bentonite Key
Excavation of Concrete Key

I

Plug Construction

Mixing of Bentonite/Sand &
Block Compacting

Bentonite Plug Construction
Installation of Steel Support
Installation of Pressure System
Backfill

Concrete Plug Construction

Measurement of Bentonite Plug

Instrumentation &
Cable Routing / Sealing
Partition for Ventilation Test

Other Test

‘Rock Mechanics

EDZ Flow Test
Construction of Test Bulkhead
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INSTRUMENTS FOR BENTONITE PLUG

Instruments secl. D | secl. @ | sect. @ | sect. @ | sect. @ | sect. ® [ Total
Thermocouple Psychrometer 21 25 20 25 20 jl121
Piezometer 4 4 '8
Earth Pressure Cell (Radius Direction) 4 4 4 12
Earth Pressure Cell (Axis Direction) 4 2 2 8
Total 8 |21 |31 |29 | 31|29 f1a9
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Measurement for ©500 @ O Section® Secti
Swelling Pressure T+ ¥ Measurement for ECt.mn® Section®

Measurement [or 3 Pore Water Pressure
Temperature and Moisture h

RER L

Pressure
Chamber

LE-§

LAl liill

Clay/Sand

Backfill tﬁ]ﬂﬁﬂw—oh@l Steel Support

Measuring Sections

Legend : » Thermo-couple Psychrometer a Piezometer
UNIT : min = Earth Pressure Cell " Earth Pressure Cell
( Radius Direction ) ( Axis Direction )
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INSTALLATION OF SENSOR

250mm S
ensor

Bentonite Powder
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PNV FSAHE SEL S Compacted Bentonite Block'fgii
///g;ntonite Powder Ef;?
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SPECIFICATION FOR THERMOCOUPLE PSYCHROMETER

Sensor o
s HMP233
ID Name HMP 23 3H —— TH
— ,_‘_Hja L J
Manufacturer Vaisala Co. Lid. 29 ‘
70
Humidify Range 0~100% R H.
: Transducer
humidity Accuracy +2% R H (0~90% R H.) *1 145 _
+3% R.H (90~100% R. H.) ® - 133 |
- %( ®) 0
+1% R H (0~90% R H) %2
+2% R H (90~100% R . H.) < .
Temperature Range -40~120C
Temperature Accuracy =+0.1°CQ20C) —e\@ P,
¢
Cable Length 2,5, 10m |
Nole

¥1: accuracy(including nonlinearily and repeatability)
when calibrated against salt solutions (ASTM E104-85)

¥2: maximum achievable accuracy when calibrated against
high-quality, certified humidity standards

Bl—3.25 EEETESOMAHE (Thermocouple Psychrometer)
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SPECIFICATION FOR EARTH PRESSURE CELL

ID Name

BE-50KRS, .

Manulaclurer

KYOWA Electronic Instruments

Pressure Range

Hokg/cme

Temperature Range

-30~80°C

Rated output

ImV/V(2, 000X 10~ strain)

Non-linearity 1% R. 0.
Excitation voltage(max) | 10V
Bridge'resistance 35082
Safe overload rating 120% R. 0.

Sensor
@110 25
6% REEED | 1] 00
L 1 P el
ol | Eeem [ ............ ¥ \ ~
@ , A RN
by . IL"’S
90 $23
"/
. \fﬁg.

BE-HIlOS

BE_HIIOS

B—3.26 I1BEREtEsD{LE: (Earth Pressure Cell)
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SPECIFICATION FOR PIEZOMETER

Sensor

ID Name BP-60KCT 64

=l L ;1-
Manulacturer KYOWA Electronic Instruments - 55 9 e E§
Pressure Range 60kg/cm: o 1= T

. 2T :ﬁ‘—'-—-—-—"’

Temperalure Range -30~T70C = J
Rated output Imv/V(2, 000X 10~ strain) 78 _
Non—-linearity 1% R. 0.
Excitation vollage(max) | 10V
Bridge resistance 3500
Sale overtoad raling 150% R. 0.

X —3.27 BEEETEsDEHR (Piezometer)
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SPECIFICATION FOR CABLE

Manulaclurer

Cable Cross Section

KYOWA Elecironic Instruments

Number ol core 4
Conduclor Nominal |cross-seclion area 0.5 Conductor
construclion No. /mm | 20/0. 18 --ggp?§§or1
diameler mm 0. 9 Z Bedding | Culatien
- B1qder
Nominal thickness ol insulation mm 0.5 g?;g;g1ng braid
_ _ _ T Polychloroprens sheath
Nominal thickness ol bedding T 0.9
Nominal thickness of shielding braid|mm 0.3 Core Identification
Nominal thickness ol sheath m ]. 8
Diameter of compliele cable(approx.) |[mm 11.5
Weight of complete cable (approx.) |kg/km 170
Conductor resistance at 20°C Q /km 39. 8
Insultation resistance at 20°C ° Mohm/km 500 Note) B ! Black
W 1 White
Wilhstand vollage for Iminute V 1000 R ¢ Rad
G : Graen

B—3.28 1BEEETESOMLE (Cable)
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F—3.4 BEIEROEE

IR E

k22 HE A—h— B T BE JKIE TE 2IE
Thermocouple Psychrometers |Wescor 1701 O O
Total Pressure Cells Roctest 200 O O
Earth Pressure Cells Roctest 321 O 0
Total Pressure Cells Geonor (Norway) 11 O O
Piezometers Roctest 10 O O
Hygrometers 151 O O

Supplied by ANDRA
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Vibrating Wire Total Pressure Cell

Manufacturer: Roctest Canada, 665 Pine Street, St-Lambert, Quebec, Canada,
phone 514-465-1113, FAX 514-465-1938
Specifications:

Vibrating Wire Total pressure cell model TPC-0/STP, with special thick plate,
All stainless steel construction

Main Plate, 6 inch (150mm) diameter, 19mm thickness

Vibrating wire pressure transducer, 35mm diameter, 127mm length

oil flled

integrated thermister

operating range to 8 MPa

temperature range to 85 °C

cable 15m of IRC-41A

accuracy +-1% (our own calibrations)

Note: There have been problems with the cable under the combined temperature and
pressure conditions specified for the TSX phase 2.

Initially purchased instruments will be retrofitted to meet the environmental

Vibrating Wire Barth Pressure Cell

Manufacturer: Roctest Canada, 665 Pine Street, St-Lambert, Quebec, Canada,
phone 514-465-1113, FAX 514-465-1938
Specifications:

Note 1;

Note 2:

Vibrating Wire Total pressure cell model TPC-0/STP

All stainiess steel construction

Main Plate, 6 inch (150mm) diameter, 19mm thickness

Vibrating wire pressure transducer, 35mm diameter, 127mm length
oil filled

integrated thermister

operating range to 8§ MPa

temperature range to 85 °C

cable 15m of IRC-41A

accuracy +-1% {our own calibrations)

This is basically the same cell as the total pressure cell supplied by this
manufacturer, excepting that it has not got the thick backing plate which
would allow it to be mounted on a rock/concrete surface. These cells will be
mounted within the body of the seal.

There have been problems with the cable under the combined temperature
and pressure conditions specified for the TSX phase 2.

Initially purchased instruments will be retrofitted to meet the environmental
conditions and the outstanding order will have an upgraded wiring/slieve
system.

o-44



Vibrating Wire Piezometers

Manufacturer: Roctest Canada, 665 Pine Street, St-Lambert, Quebec, Canada,
phone 514-465-1113, FAX 514-465-1938
Specifications:

Note :

Vibrating Wire Total pressure cell model PWS

Stainless steel housing

integrated thermister

operating range to 8 MPa

temperature range to 85 °C

cable 15m of IRC-41A

nominal dimensions of sensor 150mm length, 19mm diameter
accuracy +-1% (our own calibrations)

There have been problems with the cable under the combined temperature and
pressure conditions specified for the TSX phase 2. A modified wiring slieve
has been identified which will ensure the proper operation of the instrument
under the longer term (Phase 2) thermal environment.

" Geonor Total Pressure Cells (new-type)

Manufacturer; Geonor (Norway),
Purchased through Canadian distributer (Hoskin Scientific, Vancouver, Canada)
Specifications:

Note :

Dual wire vibrating wire total pressure cell Model P100M

stainless steel A1S1 316 construction with tube fitting connector
outside diameter 200mm, thickness 50mm

operating range to 8 MPa

temperature range to 85 C

15m of cable

accuracy <1% of full scale (manufacturers, confirmed by our own labs)

These cells are higher pressure versons of the cells used in the Buffex/Container
Experiment and have been purchased speclﬁcally for the TSX.

Geonor Total Pressure Cells (old-type)

Manufacturer: Geonor (Norway),
Purchased through Canadian distributer (Hoskin Scientific, Vancouver, Canada)
Specifications:

Note :

Dual wire vibrating wire total pressure cell Model P100

stainless steel A1S1 316 construction with tube fitting connector
outside diameter 230mm, thickness 50mm

operating range to 5 MPa

temperature range to 85 C

accuracy <1% of full scale (manufacturers, confirmed by our own labs)

These cells were left over or recovered from the Buffer/Container Experiment
and have been included in the TSX as supplimentary instruments. They will
be used in the lower temperaturelpressure regions of the clay seal.
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Rotronic Hygrometers

Japanese Distributor for Rotronic Sensors
Meister Sentronic Co. Litd.
1-11-1 Iwata Bldg. 102
Sengen-cho, Nishi-ku 220
Yokohama
telephone 81-45-320-2521
FAX 81-45-320-2535

Series I-400 Sensors,
Humidity range 0...100% RH
Temperature range -55 ... +125 °C (our specification is for 0-100 °C)
Qutput voltage for temperature and pressure
0 ... 1 (5)V (our selected output)
0... 10V
0 (@)... 20 mA
Supply voltage 12 VDC +-15%
24 VDC +-15%
115VAC, 50-60Hz (our specification)
230VAC, 24VAC (other available voltages)

Cable length 20m
Flange Probe 120mm length, with slotted metal cap
15mm diameter on cable mounted probe
Filter Element Sinter steel
Accuracy at 23 °C +-1, 5% (RH 10-95%)
+-2.5% (RH <10% or >85%)
+ 0.3 K

3-46
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